In its recent shift to a Maintenance of Certification for Family Physicians (MC-FP) paradigm, the American Board of Family Medicine provides diplomates completing 3 self-assessment modules (SAMs) in the first 3 years (or first stage of MC-FP) a pathway to extend their recertification cycle to 10 years provided additional requirements are met, versus a 7-year cycle for "non-completers." We use geographic information systems to report on variations in SAM participation and completion in a single cohort of diplomates followed during their first stage of MC-FP to better understand the communities impacted, barriers to uptake, and urban-rural differences.
In 2000, the 24 member boards of the nonprofit American Board of Medical Specialties (ABMS) agreed to change their recertification programs from periodic recertification to one of continuous professional development, or Maintenance of Certification (MOC). 1, 2 This ongoing process was designed to help physicians stay abreast of advances in their fields, develop better practice systems, and demonstrate a commitment to lifelong learning. The ABMS, which covers the certification of 85% of US physicians, serves the public's interest through MOC by ensuring that physicians have and maintain the clinical judgment and skills on which high-quality care depends. In the 4 decades since the creation of the specialty, Family Medicine has been a leader in protecting the public through the process of certifying of its graduates. To ensure the continued learning and competency of its diplomates, the American Board of Family Practice (now American Board of Family Medicine [ABFM] ) in 1969 became the first specialty board to require mandatory recertification. More recently, and in response to both rapid advances in the body of medical knowledge and growing concerns about the performance of the US health care system, the ABFM adopted and implemented MOC for Family Physicians (MC-FP).
MOC includes 4 major components: demonstration of professional standing (part I), lifelong learning and self-assessment (part II), demonstrated cognitive expertise (part III), and practice performance assessment (part IV). 1 The shift from recertification to MC-FP is being phased in by the ABFM from 2004 to 2010. During each of these 7 years, a new cohort enters MC-FP through successful certification or recertification by examination; they may opt to participate in the 4 parts of MC-FP starting on the first day of the next calendar year. To be eligible to extend their MC-FP period from 7 to 10 years, a diplomate must complete 2 self-assessment modules (SAMs) and one part IV module or 3 SAMs by the end of the third calendar year, or first stage, of MC-FP. Noncompleters face an abbreviated period of MC-FP. The current MC-FP phase-in is a period of intense evaluation and refinement for the ABFM, during which better understanding of diplomate uptake and participation in its various components is essential.
Because this is a voluntary process and a requirement for the physician wishing to remain certified in his or her discipline, much is to be learned about those that complete required elements of MC-FP such as SAMs ("completers") versus those who do not ("noncompleters"). Among the noncompleters, understanding differences between those who did not initiate participation in MC-FP through the completion of a single SAM ("nonparticipants") versus those who completed some but not all of the requirements for the extended period of MC-FP may further help to separate the behaviors of those who intentionally opt out from those who may have faced other barriers to full and successful MC-FP participation. MC-FP generally, and SAMs specifically, has been well-received in early evaluations, 3 but concerns have been expressed about the additional burdens placed on busy clinicians-burdens which may be magnified in some settings. 4, 5 In this article we examine the demographic characteristics of the 2006 diplomate cohort who were successfully certified or recertified by examination in 2005. Recognizing the importance of spatial variation in MC-FP uptake and its potential impact on vulnerable geographies and populations, we also used geographic information systems (GIS) in a novel fashion to characterize the spatial distribution of the cohort and explore potential geographic barriers for MOC uptake in family medicine. We examine the group differences between completers, who successfully finished at least 3 SAMs by December 31, 2008, and noncompleters, who did not finish 3 SAMs by that date. We also demonstrate novel methods of evaluating MOC data to contribute to growing evidence of the power of GIS to inform primary care inquiry, planning, and policy. 6 -10 
Data
The ABFM collects data about administrative records, addresses, demographic characteristics, and practice characteristics of diplomates who have either obtained or renewed their certification in Family Medicine. These diplomates' data were linked to American Academy of Family Physicians membership files and the American Medical Association masterfile in an attempt to geocode all diplomates to their principal office address to create a rich source of location and demographic data about the cohort. We achieved a 99% geocoding match. The SAM data file contained detailed information about results from diplomates who have accessed SAMs through their respective physician portfolios at the ABFM web site. During the study period, modules became available on the following topics: asthma, coronary artery disease, depression, diabetes, health behavior, heart failure, hypertension, maternity care, pain management, and well child care.
We limited our study to the cohort of diplomates who passed the ABFM certification/recertification examination in 2005. Health professional shortage area designation geographies were obtained from the Health Resources and Services Administration web site 11 and poverty data was taken from the Census Summary File 3.
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Methods
We used ESRI StreetMaps database 13 to geocode ABFM data in ArcGIS version 9.3 (ESRI, Redlands, CA) and permitted the study of spatial-temporal variation of SAM uptake among the 2005 examination completers (2006 MC-FP cohort). These data were also linked to established measures of (1) To demonstrate novel approaches to characterizing the spatial dispersion of SAM uptakes, we used clustering methods to identify hotspots of noncompleters in selected metropolitan areas. We used descriptive statistics and simple bivariate analyses to examine the association between completion of requirements and physician age, sex, length of time in practice, and residency completion history. These included the use of Pearson's 2 test to assess whether diplomates from different areas differed in the frequency of which they completed MC-FP requirements by the end of 2008.
Results
A total of 10,812 diplomates passed their cognitive knowledge examination (part III of MC-FP) in 2005 and were therefore eligible for inclusion in the 2006 study cohort. Of these, 3302 (30.5%) did not complete ("noncompleters") either the 2 SAMs and 1 part IV module or the 3 SAMs required by the end of 2008 that would have allowed them to remain eligible for extension of their MC-FP cycle to 10 years. Most of these diplomates (n ϭ 2786; 84%) failed to complete a single SAM during this time period. Noncompleters were significantly more likely to be older (48.9 vs 45.8 years old), to have graduated residency Ͼ7 years before testing, and to work in a solo practice. These differences remained significant in multivariate models (available on request).
Small but significant (P Ͻ .05) variation was detected between completers and noncompleters ( Table 1) within 3 of the important geographies we considered-(1) shortage areas, (2) areas of dense poverty, and (3) rational primary care service areas-with high population to primary care physician ratios suggestive of primary care workforce inadequacy. Similar variation was detected between participants and nonparticipants in areas of dense poverty. No significant differences were detected among these same groups of diplomates serving rural areas. In multivariate analyses the population to primary care physician ratio and the shortage measures were not significant, primarily because of the strong association between these measures and area poverty.
As expected, because of known distribution patterns a decreasing number of cohort members in the increasingly rural strata of the RUCC existed (Table 2) . However, a gradient of increasing or decreasing noncompletion or nonparticipation in SAMs as one moved along the continuum from more urban to more rural was not apparent, with completion rates remaining within a few percentage points of the mean (69%) throughout. Among the small group that completed at least 2 SAMs, but not the 3 required modules (participants), variation along the RUCC did exist but no pattern was detectable in the direction of more rural or more urban.
Among 2006 diplomates who had completed at least one SAM, the most commonly completed were those for diabetes and hypertension, the 2 SAMs that were first released for completion (Table 3). Relative to averages for all SAMs completed, the well child care and maternity care SAMs were relatively more popular among younger and female diplomates whereas coronary artery disease, heart failure, and pain management were more popular among male participants. Heart failure and maternity care SAMs were also particularly popular among providers in areas of rurality, underservice (health professional shortage areas/medically underserved areas), and dense poverty.
Maps revealed interesting state-and countylevel variation, highlighting low completion rates in Maine, Wyoming, and the lower Mississippi River states (Figures 1 and 2) . Areas with high densities of diplomates and hotspots of noncompleters were also used to demonstrate to ABFM staff and board members on the investigative team how GIS could be used to examine the spatial correlations between noncompletion and targeted geographies such as workforce shortage areas and areas of high poverty density (Figures 3 and 4) .
Discussion
Rural MC-FP completion rates were consistent with urban rates whereas slightly lower uptake was seen in designated underserved and low-income areas. During this period of scrutiny and refinement for the MC-FP, it is critical to understand variation in diplomate uptake and participation in its various components. Simultaneous attempts to reform MOC across the ABMS specialties, and even internationally, 16 offer an opportunity for lessons and insights from the largest primary care discipline to impact the entire medical workforce and the public it serves. This initial exploratory analysis is a starting point for testing data, linkages, Noncompleters refer to family physicians who did not complete 3 self-assessment modules by the end of the 3rd year of the cycle; among the noncompleters, participants completed at least one self-assessment module but less than 3. All data provided as percentages. HPSA, health professional shortage area; MUA/P, medically underserved areas/populations; MUA, medically underserved area. and, particularly, GIS applications necessary to understand the adoption and effects of MC-FP. To our knowledge, GIS has not been used in evaluations of MOC to date, which leaves a gap in our knowledge about geographic dispersion of and the regional barriers to MOC uptake. At the study's outset we hypothesized that technical aspects of MC-FP would leave some parts of a widely distributed, poorly resourced primary care workforce disadvantaged, particularly in rural areas. Variation in information technology penetration in the United States, which ranked 25th worldwide with just over 50% household broadband penetration in 2008, is considerable, with lower penetration more likely in rural areas. 17 Smaller practice size, more limited availability of educational and continuing medical education resources, additional patient care, and additional financial burdens could all serve as barriers to adopting MC-FP in rural areas. 18 -20 However, despite this and other resource and educational disadvantages, differential completion among rural and remote physicians was not found.
This lack of variation in adopters across the rural-urban continuum merits further investigation but may be reassuring to the ABFM and other ABMS specialties that currently lag ABFM in their implementation of MOC. If MC-FP uptake is consistent even in rural areas, specialists clustered in urban areas with greater practice resources and information technology infrastructure might be expected to adopt at an equal or greater rate of success.
Furthermore, if this association was interpreted to mean that small and under-resourced rural physicians were nonetheless capable of pursuing the process of lifelong learning, it could also be an encouraging sign for quality improvement (QI) efforts in these areas in general, particularly if these same physicians stay on track and complete their part IV MC-FP practice performance assessment QI projects. Together, these might signal that small, rural outpatient centers are capable of undertaking additional QI efforts. This would not obviate the need to continue information technology and other infrastructure development efforts being launched by the new administration. However, it might signal the need for additional resources or facilitationsuch as those seen in the successful cooperative extension models used in US agriculture during the past century-to assist in office redesign in these areas, efforts that can help diplomates learn how to take lessons from MC-FP and further use them in practice.
On the other hand, noncompletion rates were slightly higher in some potentially vulnerable areas, namely in areas with the densest poverty. This may signal disparities in the readiness of this critical provider population to enter a new era of high-quality, information technology-driven care in a medical home to populations of significant concern to policymakers.
These findings are associations and should be interpreted with acknowledgment of the limitations of our analytical approach. We used and merged large secondary datasets in an attempt to geocode all diplomates to their principal office address while acknowledging that the American Medical Association masterfile is neither entirely accurate nor complete in capturing this location. In addition, through these files we could not assess the motivations or decision-making pathways of diplomates that led to completion or participation in MC-FP and SAM requirements. A range of motivations and circumstances might lead to noncompletion, including actual or anticipated retirement, procrastination, competing obligations, computer or technical incompetence, illiteracy or mere lack of support, change of specialty or professional status (eg, international medical graduates returning to their home country), or employment in settings where the financial and temporal incentives to maintain certification are low. To the latter, diplo- mates working in clinics and areas facing primary care staffing shortages, as has been reported in federally qualified health centers, 21 may be hired and retained irrespective of MOC status.
Our exploratory efforts to locate associations with MC-FP noncompletion should be followed with a search for additional predictors and multilevel regression and qualitative engagement of the 22, 23 ; careful consideration of policyrelevant areal units and a tested consistency of findings across available units were undertaken to avoid potential error from the modifiable areal unit problem. 24 Perhaps the greatest contribution of this study is its novel use of GIS in the evaluation of MOC data. The capacity for granular analysis of diplomate behavior at the state or even community level through geocoding, spatial linkage, and analysis of large MOC and provider datasets has not been explored previously. Through these analyses, ABFM planners and stakeholders have been and will be able to understand the regional patterns of diplomate behavior like never before and will be able to adapt their implementation process accordingly. Variation in the types of SAMs taken across sex and geography variables also suggest variations in practice that can inform further MC-FP development. Options to identify population health needs or problems and target testing of physicians to improve those needs or problems may also exist. For instance, physicians in areas with high hospitalization rates for asthma could receive suggestions for asthma SAMs, and this connection of need to assessment could be tested for impact. Geospatial evaluation is potentially invaluable-not only to ABFM, but across the membership of ABMS.
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Finally, the preponderance of sex-and agedriven preference for certain SAMs is consistent with what we know about sex-and age-driven practice patterns and panel composition, and gives some hint as to what we might expect from a demographic shift in family medicine providers. It will be worth exploring further how SAM-taking behavior impacts quality of care for all populations seen by specific groups of providers and is impacted by changes in scope of practice for certain segments of the family physician population.
